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(54) Polymer composite squirrel cage rotor with high magnetic permeability fllier for induction 
motor and method of making it 



(57) Disclosed herein is a composite squirrel cage 
rotor having a polymer resin part containing powder of 
high magnetic permeability and method for fabricating 
It. The composite squirrel cage rotor includes a rotating 
shaft, an Inner core, a polymer resin part that fills the 



cavity of the squln^el cage conductor and contains pow- 
der of high magnetic pemneability. A squirrel cage con- 
ductor is positioned outer portion of the polymer resin 
part, Is formed of material having high electric conduc- 
tivity, and is provided with a plurality of axial slots. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates generally to a 
squirrel cage rotor for induction motors, and more par- 
ticularly to a squirrel cage rotor that has a polymer resin 
part containing powder of high magnetic penneability. 
[0002] In addition, the present invention relates to a 
method of fabricating the squirrel cage rotor using jig so 
as to prevent the conductor bars from being buckled. 

Description of the Prior Art 

[0003] In a rotating body such as a rotor of a motor, a 
centrifugal force is generated in proportion to the mass 
of the rotor and the square of the rotational speed of the 
rotor, so that the rotor with high rotating speed may have 
excessive deformation due to a large stress by the cen- 
trifugal force. 

[0004] The quality of machined products mainly de- 
pend on the precision of machine tool which is equipped 
with built-in type spindle system that is composed of the 
rotor of motor and the spindle shaft, but the heavy mass 
of rotor can deteriorate dynamic stability of the built-in 
type spindle system because the heavy mass of rotor 
may cause excessive stress and defonnation. There- 
fore, it is important to reduce the inertial force of the rotor 
by reducing mass of rotor. 

[0005] The rotating speed of a built-in type spindle 
generally is restricted by a DN value (where D is a bear- 
ing nominal diameter in mm and N is the revolutions per 
minute of the spindle) and the critical whirling vibration 
frequency of the spindle. In particular, in the case of a 
built-in type spindle which is composed of the spindle 
shaft and the rotor of motor, the bending natural frequen- 
cy is largely influenced by the mass of the rotor of a mo- 
tor. Accordingly, as the mass of the rotor of a motor is 
increased, the bending natural frequency of a built-in 
type spindle is decreased, thus the heavy mass of rotor 
limits the maximum rotating speed of the built-in type 
spindle. 

[0006] Accordingly, for a built-in type spindle rotating 
at high speed, it Is necessary to increase the specific 
bending stiffness of the built-in type spindle shaft or de- 
crease the mass of the rotor of a motor. 
[0007] A conventional squirrel cage rotor is illustrated 
in Figs. 1 and 2. 

[0008] As depicted in Figs. 1 and 2, this conventional 
squirrel cage rotor includes a rotating shaft 11 . Asilicon 
steel rotor 12 is fitted around the rotating shaft 11 , The 
silicon steel rotor 12 is fabricated by stacking a plurality 
of silicon steel sheets 1 4. Plurality of conductor bars 1 6 
are respectively inserted into the holes 13 and then the 
two end rings 17 are fabricated by die-casting. There- 
fore, the conductor bars 16 are short-circuited by two 



end rings 1 7 that are positioned at both ends of the sil- 
icon steel rotor 12. 

[0009] Since this conventional squin^el cage rotor has 
heavy mass due to the high density of silicon steel not 

5 only a large centrifugal force is generated inside of rotor 
body, but also high torque is required to drive the motor. 
[0010] In order to solve above problems, Korean Pat. 
Appln. No. 98-50187 discloses "Composite squirrel 
cage rotor with magnetic powders and method for fab- 

10 ricating It". 

[001 1 ] With reference to Figs. 3a and 4, the invention 
of this patent is described in detail. 
[0012] As shown in Figs. 3a and 4, a composite squir- 
rel cage rotor 20 is composed of a composite pipe 22, 

15 a rotating shaft 21 and a squirrel cage conductor 23 
which is positioned around the pipe 22 and provided with 
a plurality of slots 24. A plurality of heat pipes 25 may 
be inserted into the slots 24, respectively. 
[001 3] In this case, the pipe 22 is fabricated by stack- 

20 ing and curing of composite prepregs which is com- 
posed of polymer resin and high strength and modulus 
fibers. In this case, the pipe 22 is made of fiber rein- 
forced composite material whose polymer resin con- 
tains powder of high magnetic pemneability such as iron 

25 powder in order to improve the performance of the mo- 
tor. 

[0014] As depicted in Fig. 3a, this squin^el cage con- 
ductor 23 is made of copper or aluminum having high 
electric conductivity. Plurality of slots 24 are machined 

30 along the axis of the squirrel cage conductor 23 by using 
an end mill or an electric discharge machine tool or a 
laser machine tool. Each of the slots 24 is formed to be 
straight along the axis or have a certain angle with the 
axis. The slots 24 are spaced apart from one another by 

35 predetermined regular intervals. In this case, conductor 
bars and two end rings are integrated Into a single squir- 
rel cage conductor 23. However, this squirrel cage con- 
ductor 23 has a problem of high machining cost. 
[0015] In order to solve this problem, another com- 

40 posite squirrel cage rotor 30 is proposed as shown in 
Figs. 5 and 6. This composite squirrel cage rotor 30 in- 
cludes two end rings 37. Plurality of holes arefomned in 
each of the end rings 37 and the both ends of the same 
number of conductor bars 38 are lnseri:ed into holes of 

45 two end rings 37 by interference fit with appropriate axial 
load. 

[0016] The conductor bars 38 are made of copper or 
aluminum because copper and aluminum have high 
electric conductivity. But since copper or aluminum has 
50 low stiffness, the conductor bars 38 which have small 
diameter relative to the axial length are easily buckled 
by an excessive axial load during the assembly of the 
squirrel cage conductor. 

[0017] After the polymer resin part is cured, the squir- 
es rel cage conductor combined with the polymer resin part 
is ground in order to expose the small portion of the con- 
ductor bars 38 on its outer surface. If the conductor bars 
38 have been buckled, the exposed areas of the con- 
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ductor bars 38 are not uniform along the axis of tlie 
squirrel cage rotor. This may cause the perfomnance de- 
terioration of the composite squin-el cage rotor. 

SUMMARY OF THE INVENTION 

[0018] Accordingly, the present invention has been 
considered the above problems occurring in the prior 
art, and an object of the present invention is to provide 
a squirrel cage rotor, which has a polymer resin part con- 
taining powder of high magnetic permeability so that the 
rotor has low mass. 

[0019] Another object of the present invention is to 
provide a squirrel cage rotor having a polymer resin part 
containing powder of high magnetic permeability, which 
is provided with a plurality of heat pipes to dissipate heat 
generated by induction operation between the stator 
and the rotor of motor 

[0020] A further object of the present invention is to 
provide a method for fabricating a squirrel cage conduc- 
tor, which prevents conductor bars from being buckled. 
[0021] In order to accomplish the above objects, the 
present invention provides a squirrel cage rotor, com- 
prising: a rotating shaft; a polymer resin part containing 
powder of high magnetic pemrieability; and a squirrel 
cage conductor made of material having high electric 
conductivity and positioned around the outer portion of 
the polymer resin part; wherein the powder of high mag- 
netic permeability has a role of increasing the flux den- 
sity of rotor and is uniformly distributed in the polymer 
resin part. 

[0022] In accordance with a feature of the present In- 
vention, the slots of the squirrel cage conductor are pro- 
vided with a plurality of heat pipes, respectively. 
[0023] In accordance with a feature of the present in- 
vention, the rotor further comprises an Inner core of high 
magnetic permeability so as to guide the magnetic flux 
from the stator to the rotor of motor. 
[0024] In accordance with a feature of the present in- 
vention, chopped fibers are added to the polymer resin 
part so as to improve mechanical properties such as 
thermal stability and stiffness. 
[0025] In addition, the present invention provides a 
method for fabricating a squirrel cage rotor, the rotor 
having a rotating shaft, a plurality of conductor bars, two 
end rings and a polymer resin part containing powder of 
high magnetic permeability, comprising the steps of: 
surrounding each of the conductor bars by a pair of jig; 
inserting the ends of the conductor bars into the holes 
of the end rings; removing the jig from each conductor 
bar; curing the polymer resin part containing powder of 
high magnetic permeability after inserting the squirrel 
cage conductor composed of the conductor bars and the 
end rings into the mold; and grinding of the outer surface 
of the composite squirrel cage rotor composed of the 
conductor bars, the end rings and the polymer resin part. 
[0026] In accordance with a feature of the present In- 
vention, the jig is fabricated by axially dividing a cylinder 



into two equal parts, each of the conductor bars is sur- 
rounded by the jig, and the jig is shorter than each of the 
conductor bars in axial length. 
[0027] In accordance with a feature of the present in- 
5 vention, the method further comprises the steps of fas- 
tening band clamp around the jigs surrounding the con- 
ductor bars, and removing the band clamp and the jigs 
from the conductor bars after the assembly of the con- 
ductor bars and the end rings. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] The above and other objects, features and oth- 
er advantages of the present invention will be more 
15 clearly understood from the following detailed descrip- 
tion taken in conjunction with the accompanying draw- 
ings, in which: 

Fig. 1 is a perspective view of a conventional squir- 
20 rel cage rotor; 

Fig. 2 is a front view of a silicon steel sheet of the 
squirrel cage rotor; 

Fig. 3a is a perspective view of another convention- 
al composite squirrel cage type rotor; 
25 Fig. 3b is a perspective view showing the machining 
of a squin-el cage conductor of the composite squir- 
rel cage rotor; 

Fig. 4 Is a cross section taken along line A-A of Fig. 
3a; 

30 Fig. 5 is a perspective view showing the assembly 
of the conductor bars and end rings of a squirrel 
cage conductor; 

Fig. 6 is a cross section showing the finished com- 
posite squirrel cage rotor of Fig. 5; 
35 Fig. 7 is a perspective view showing the squirrel 
cage rotor having an inner core and a polymer resin 
containing powder of high magnetic permeability; 
Fig. 8 is a cross section taken along line B-8 of Fig. 
7; 

40 Fig. 9 is a schematic diagram explaining a method 
for fabricating the composite squirrel cage rotor; 
Fig. 10 is a diagram showing magnetic flux lines, 
which are generated while the rotor is placed in a 
stator; 

45 Fig. 11 is a perspective view showing the process 
of the assembly of conductor bars and end rings; 
and 

Fig. 12 is a perspective view showing the procedure 
of the assembly of jig and conductor bars. 

50 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] Reference now should be made to the draw- 
55 ings, in which the same reference numerals are used 
throughout the different drawings to designate the same 
or similar components. 

[0030] Hereafter, with reference to accompanying 
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drawings, there is described a squirrel cage rotor having 
an inner core and a polymer resin part containing pow- 
der of high magnetic permeability in accordance with a 
preferred embodiment of the present invention. 
[0031] In the drawings, Fig. 7 is a perspective view 
showing the composite squirrel cage rotor having an in- 
ner core and a polymer resin part containing powder of 
high magnetic pemneability. Fig. 8 is a cross section tak- 
en aiong line B-B of Fig. 7. Fig. 9 is a schematic diagram 
explaining a method for fabricating the composite squir- 
rel cage rotor. Fig. 10 is a diagram showing magnetic 
flux lines, which is generated while the rotor is placed in 
a stator 

[0032] As depicted In Figs. 7 and 8, the composite 
squirrel cage rotor 130 of the present invention includes 
a rotating shaft 131. A polymer resin part 132 is filled 
around the rotating shaft 131 and is made of polymer 
resin containing powder of high magnetic permeability. 
A squin^el cage conductor 133 is positioned around the 
outer portion of the polymer resin part 132 and is pro- 
vided with a plurality of axial slots 134. Plurality of heat 
pipes 135 are inserted into the axial slots 134, respec- 
tively. 

[0033] Powder of high magnetic pemneability is em- 
ployed to enhance magnetic property of polymer resin 
part. This powder should be uniformly distributed in the 
polymer resin part. Chopped fibers with the length of 0.5 
to 50 mm may be added to the polymer resin part so as 
to improve mechanical properties such as thenmal sta- 
bility and stiffness of the rotor structure. 
[0034] The squirrel cage conductor 1 33 is fabricated 
by forming a plurality of axial slots 134 along the axis of 
a squirrel cage conductor by means of a machining with 
appropriate tools such as an end mill, an electric dis- 
charge machine tool or a laser machine tool. The axial 
slots 134 are spaced apart from one another by prede- 
termined regular intervals in a circumferential direction. 
[0035] The squirrel cage conductor 133 may also be 
fabricated with plurality of conductor bars and two end 
rings having holes with the same number of conductor 
bars by inserting the conductor bars into the holes of the 
end rings. 

[0036] The slots 1 34 of the squirrel cage conductor 
133 may also be made to have a predetermined angle 
with the axis. 

[0037] As mentioned above, the heat pipes 135 are 
inserted into the slots 1 34 of the squirrel cage conductor 
1 33 so as to dissipate heat generated during the Induc- 
tion operation. In this case, the heat pipes 1 35 are fixed 
in the slots 134 by polymer resin during the curing of the 
polymer resin part 1 32. The heat pipe is a sort of cooling 
device in which heat is transmitted from a heat source 
to a remote heat sink while circulating functional fluid, 
such as ammonia, methanol, Freon or the like, repeats 
an isothermal cycling process in vacuum sealed pipes. 
Heat is absorbed in the process of the phase change of 
the functional fluid from a liquid phase to a gaseous 
phase when the heat is applied to the heat pipe, gase- 



ous functional fluid moves from a heat source side of 
the heat pipe to the opposite side, and heat is dissipated 
in the process of the phase change of the operating fluid 
from a gaseous phase to a liquid phase, thereby remov- 
5 ing heat. 

[0038] In order to increase magnetic flux density of 
the composite squirrel cage rotor, an inner core 136 
made of material having high magnetic pemrieabiiity, 
such as steel, may be inserted between the rotating 

10 shaft 131 and the polymer resin part 132. In this case, 
the inner core 136 has a role of guiding magnetic flux 
from the stator to the rotor effectively. 
[0039] Hereinafter, there is described a method for 
fabricating the composite squirrel cage rotor in accord- 

15 ance with the present invention. 

[0040] As shown in Fig. 9, the inside surfaces of two 
steel blocks 141 are ground, and the blocks 141 are 
brought into contact with each other at their ground sur- 
faces. A mold cavity 1 42 having a diameter slightly larg- 

20 erthan the outer diameter of the composite squirrel cage 
rotor is machined by means of drilling and boring proc- 
esses. In order to align exactly the positions of the two 
blocks 141 , guide pin holes 143 are machined through 
the blocks 141 . The inner surface of mold cavity 142 is 

25 coated with a parting agent (not shown), such as Teflon, 
so as to easily remove the composite squirrel cage rotor 
from the mold cavity 142 after curing process. 
[0041 ] In the slots 1 34 of the squirrel cage conductor 
133, the heat pipes 135 are inserted respectively and 

30 this assembly is inserted into the mold cavity 1 42 of the 
blocks 141 and fastened by means of guide pins 145 
and bolts 1 46. The rotating shaft 1 31 is positioned in the 
center of the squirrel cage conductor 1 33. And polymer 
resin containing powder of high magnetic permeability 

35 is injected Into the mold cavity 142. 

[0042] As a result, the cavity between the squirrel 
cage conductor 1 33 and the Inner core 1 36 and the gaps 
between the slots 1 34 of the squirrel cage conductor 1 33 
and the heat pipes 1 35 are filled with the polymer resin 

40 part. Through this process, the rotating shaft 131 , the 
squirrel cage conductor 133 and the heat pipes 135 are 
combined with one another. Finally, when the blocks 1 41 
are removed after curing of the polymer resin part, the 
composite squirrel cage rotor fomned of polymer con- 

45 taining powder of high magnetic permeability is complet- 
ed. 

[0043] In the method for fabricating the composite 
squirrel cage rotor, the rotating shaft 131 and the inner 
core 1 36 need not be assembled together with the squir- 

50 rel cage conductor 13i3. After disposition of the heat 
pipes 135 into the slots 134 and inserting the squirrel 
cage conductor 133 into the mold cavity 142, polymer 
resin containing powder of high magnetic permeability 
is injected into the mold cavity 142 and is cured in an 

55 autoclave under predetemnined curing conditions. Ac- 
cordingly, the polymer resin is cured at the cavity of the 
squirrel cage conductor 133 and the gaps between the 
slots 134 and the heat pipes 135. 
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[0044] When the polymer resin part is cured, the cent- 
er portion of the filled squin-el cage conductor 133 Is 
bored for assenably of inner core 136 using a drill. The 
inner core 136 is inserted into the bored center portion 
In the center of the composite squirrel cage rotor. The 
rotating shaft 131 is Inserted Into the Inner core 136, 
Through these processes, the composite squirrel cage 
rotor having a polymer resin part containing powder of 
high magnetic pemneabillty Is completed. 
[0045] When the composite squirrel cage rotor fabri- 
cated as described above Is placed in the stator 140, a 
magnetic field is generated as shown In Fig. 10. 
[0046] In the drawings, Fig. 11 is a perspective view 
showing the assembly of conductor bars and end rings. 
Fig. 12 Is a perspective view showing the procedure of 
the assembly of jig and conductor bars. 
[0047] As shown In Figs. 11 and 12, each of the con- 
ductor bar 236 is surrounded by a pair of jig 200. The 
conductor bars 236 are made of material having high 
electric conductivity such as copper or aluminum, 
whereas the jig 200 are made of material having high 
stiffness such as steel. 

[0048] Each pair of the jig 200 can be fabricated by 
axially dividing a hollow cylinder 208 into two equal 
parts. Each pair of jig 200 fabricated as described above 
surrounds each of the conductor bars 236. The inner 
diameter, which Is defined by each pair of jig 200 while 
each of jig 200 Is brought into contact with each other 
to fonri a hollow cylinder, Is smaller than the outer diam- 
eter of the conductor bars 236, so that a gap 201 is 
fomned between each pair of jig 200 while each pair of 
jig 200 surrounds each conductor bar 236. 
[0049] Each pair of 200 is clamped together by a band 
clamp 203 while enclosing each conductor bar 236. 
Both ends of each conductor bar 236 are tapered, and 
the tapered ends of each conductor bar 236 are respec- 
tively Inserted Into the holes formed in two end rings 237. 
Both ends of the conductor bars 236 are Inserted into 
the holes in the end rings 237 with Interference fit. At 
this time, since each conductor bar 236 is respectively 
surrounded by each pair of jig 200, the conductor bars 
236 are not buckled. After the conductor bars 236 and 
the end rings 237 are completely assembled together, 
the band clamps 203 and the jig 200 are removed. As 
a result, the fabrication of the squirrel cage conductor in 
which two end rings 237 are assembled by conductor 
bars 237 is completed. 

[0050] The obtained squirrel cage conductor Is Insert- 
ed into the mold cavity (not shown in Figs. 11 and 12). 
In this state, polymer resin (not shown in Figs. 11 and 
12) containing powder of high magnetic pemneabillty is 
injected into and cured between the cavity of the squirrel 
cage conductor and the mold cavity. 
[0051] After the polymer resin part containing powder 
of high magnetic permeability is cured, the blocks 141 
are removed. The squirrel cage conductor combined 
with the polymer resin part Is ground at its outer surface, 
so that the some portion of the conductor bars 236 are 



axially exposed on the outer surface of the composite' 
squirrel cage rotor. Thus this composite squirrel cage 
rotor Is completed. 

[0052] As described above, the present invention pro- 
5 vides a composite squirrel cage rotor, which has a pol- 
ymer resin part containing powder of high magnetic per- 
meability so that the rotor has low mass in comparison 
with conventional squirrel cage rotors. 
[0053] Additionally, the present invention provides a 
10 composite squirrel cage rotor in which powder of high 
magnetic permeability is uniformly distributed In the pol- 
ymer resin part, so that magnetic property Is enhanced, 
thereby improving the performance of the motor 
[0054] Additionally, the present Invention provides a 
15 lightweight squirrel cage rotor, which does not require 
great driving torque and which can improve the quality 
of products thanks to reduction of vibration, stress and 
inertial force. 

[0055] Additionally, the present invention provides a 
20 squirrel cage rotor, which is provided with heat pipes In 
order to effectively dissipate heat generated by induc- 
tion operation therefore this composite squirrel cage ro- 
tor has good thermal stability. 

[0056] Additionally, the present Invention provides a 
25 method for fabricating the squirrel cage conductor, 
which can prevent conductor bars from being buckled. 
[0057] Although the preferred embodiments of the 
present invention have been disclosed for illustrative 
purposes, those skilled in the art will appreciate that var- 
30 jous modifications, additions and substitutions are pos- 
sible, without departing from the scope and spirit of the 
invention as disclosed in the accompanying claims. 

35 Claims 

1 . A composite squirrel cage rotor, comprising: 

a rotating shaft; 
40 a polymer resin part containing powder of high 

magnetic permeability; and 
a squirrel cage conductor positioned around 
the outer part of the polymer resin part, formed 
of material having high electric conductivity and 
45 provided with a plurality of axial slots; 

wherein said powder of high magnetic perme- 
ability Is uniformly distributed in the polymer 
resin part.' 

50 2. The rotor according to claim 1 , wherein said slots 
of the squirrel cage conductor are provided with a 
plurality of heat pipes, respectively. 

3. The rotor according to claim 1 , further comprising 
55 an inner core of high magnetic permeability so as 
to Improve the perfomnance of the motor by increas- 
ing the magnetic flux density of the rotor. 
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The rotor according to any of clainns 1 to 3, wherein 
chopped fibers are added to said polynner resin part 
in order to enhance the mechanical properties such 
as themnai stability and stiffness of the rotor struc- 
ture. 5 

A nnethod for fabricating a squirrel cage rotor, said 
rotor having a rotating shaft, a plurality of conductor 
bars, two end rings and a polymer resin part, com- 
prising the steps of: io 

surrounding each of the conductor bars by a 
pair of jig; 

inserting the both ends of conductor bars into 
the holes of end rings; is 
removing the jig from each conductor bar; 
curing a polymer resin part containing powder 
of high magnetic permeability while filling the 
cavity between the squirrel cage conductor and 
the mold cavity composed of two blocks; and 20 
grinding the outer surface of composite squirrel 
cage rotor combined with squirrel cage conduc- 
tor and the polymer resin part. 

The method according to claim 5, wherein said jig 25 
is fabricated by axially dividing a cylinder into two 
equal parts, each of said conductor bars is sur- 
rounded by the jig, and the jig is shorter than each 
of said conductor bars in axial length. 
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